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INTRODUCTION 

The taxonomy of the genus Hexabranchus Ehrenberg, 
1831 is confused and requires revision. More than 20 
species have been described (see Thompson, 1972), many 
of them based primarily on differences in colour pattern. 
Some authors (Bergh, 1900; Eliot, 1904; Thompson, 
1972) consider the many named species to be merely 
colour varieties of Hexabranchus sanguineus (Riippell 
& Leuckart, 1828). The validity of the use of colour pat¬ 
tern as a taxonomic character remains to be demonstrated 
in this genus. Nevertheless, a full description of the col¬ 
our pattern of Tongan Hexabranchus is given below 
to facilitate comparative studies in the event that colour 
does prove to be distinctive. External and internal mor¬ 
phology appear to vary little among the described varie¬ 
ties (Eliot, 1904) but these features were not investi¬ 
gated in Tongan animals. 

In the absence of any distinctive taxonomic characters, 
Tongan Hexabranchus are here referred to the type spe¬ 
cies of the genus, H. sanguineus (Riippell & Leuckart). 
Other described “species’ 5 will here be considered simply 
as colour variations of H. sanguineus. 

Litde work has been done on the biology or ecology of 
Hexabranchus . The only comprehensive study is that of 
Gohar & Souman (1963) on Red Sea specimens. Several 
authors have commented on feeding and stomach con¬ 
tents, and a review of their results is presented below. 
Ostergaard (1950) has described spawning and develop¬ 
ment in 2 Hawaiian varieties. 

The only Hexabranchus previously recorded from Ton¬ 
ga is H. flammulatus (Quoy & Gaimard, 1832). Speci¬ 
mens 10 to 13 cm long were collected during the voyage 


1 Present address: 44 Belmont Terrace, Auckland 10, New Zealand 


of the Astrolabe from Tongatapu Island (2i°io'S; 175 0 
io'W ; see Figure 1). 

DESCRIPTION 

The colour of the dorsum and foot of Hexabranchus san¬ 
guineus varied from pale pink to dark red. The general 
appearance was, however, influenced by the colour, size 



Figure 1 

Tongatapu Island, Tonga, showing localities mentioned in the text. 
Dotted line indicates the edge of the fringing reef. Scale=5 km 
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and density of spots covering the dorsum; these ranged 
from large dense yellow spots (producing an overall 
orange appearance) to small white spots (which allowed 
the background colour to dominate the appearance). 
Most of the animals seen were dark red with these dense 
yellow spots on the dorsum (Figure 2, zone A). 



Figure 2 

Close-up photograph of a large Hexabranchus sanguineus showing 
colour zones. See text for explanation of colour pattern of the 
various zones. Scale = 1 cm 


In animals longer than about 6 cm, 5 colour bands were 
distinguishable on the notum (see Figure 2). Band B was 
comprised of a translucent layer of white pigment over- 
lying dark red tissue, producing an overall mottled pink 
band punctuated with red spots. Band C was a dark red 
colour. Occasionally, band B was interrupted by a dark 
red intrusion from band C which linked with the dorsum. 
TTiese intrusions probably represent areas from which the 
overlying pigment of band B is absent. 

Band D was white with dark red lines radiating out 
from band C. These lines merged to produce a mauve 
coloured band E. The edge of the notum, band F, was 
always white. 

Animals shorter than 6 cm were very similar to larger 
animals, except that bands D and E were frequently 
merged to form a single light purple band. 

One small animal (1.8 cm long) had a different colour 
pattern. The notum had only 3 colour bands: a white 
margin tinged with blue, a central orange band with 
violet notches along its distal edge, and an inner white 
band. This could represent the juvenile colour pattern, 


with the number of bands increasing with animal siz e as 
the violet notches coalesce to produce the characteristic 
red and purple bands of all larger animals. 

The underside of the notum and the foot were dark 
red with yellow or white spots. 

The rhinophores were red, and spotted with yellow or 
white, and the lamellae were red with yellow edges. The 
rhinophore collars were densely spotted with yellow or 
white and had bright red rings around their distal edges. 

The gills were yellow and veined with red. 

The only significant difference in colour pattern be¬ 
tween Tongan Hexabranchus examined in this study and 
H. flammulatus described by Quoy & Gaimard (1832: 
pit. 17, figs. 6 & 7) is the presence in the latter of distinct 
white pennants punctuated with red adjoining the dor¬ 
sum. These pennants clearly represent the remains of 
colour band B after it has been split into segments by dark 
red intrusions from band C. Distinct segments were not 
observed in the present study and band B was usually 
continuous around the whole notum. Distinct segments 
appear to be a feature of Australian Hexabranchus and 
are clearly seen in illustrations by Gillett & McNeill 
(1959: pit. 84) and Thompson (1972: fig. 2B). Other¬ 
wise, Tongan and Australian animals differ little in 
colour pattern. 

Hexabranchus marginatus (Quoy & Gaimard, 1832) 
as illustrated by Bergh (1905: pit. 1, fig. 2) has an almost 
continuous band B and is very similar to Tongan animals. 
The only visible difference is that band D in H. marginatus 
is yellow in Bergh’s figure, although Quoy & Gaimard’s 
original description (1832: 255) gives it as white. 

METHODS 

During a preliminary survey of the coastline of Tongatapu 
Island, Hexabranchus sanguineus were found to occur 
predominantly on the shallow fringing reef platforms all 
around the island except on the sheltered north coast. 
The animals were most common on the south and south¬ 
west coasts where the fringing reef is approximately 100 m 
wide. Two sections of reef, at Hoositea Beach and Mono- 
tapu Beach (Figure 1), were chosen for further study 
and were visited regularly between March and November 
1976. 

HOOSITEA BEACH 

A section of reef loom long was searched from the 
beach to the reef rampart (a distance of 125m) at ap- 
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proximately monthly intervals between March and Octo¬ 
ber 1976. Searches were conducted at low tide and cov¬ 
ered an area of 1.25 hectares. All Hexabranchus sangui¬ 
neus found within the area were counted and measured 
to the nearest centimeter below extended crawling length 
(excluding the foot). This measurement corresponds with 
the standard mantle length, Am, of Risso-Dominguez 
(1963). Channels in the reef were examined by snorkel 
diving. 

Sea surface temperatures were measured at mid-mom- 
ing over the low tide period in surge channels just inside 
the edge of the reef. 

Specimens of Hexabranchus sanguineus were collected, 
cleaned of adhering debris and placed individually in 
seawater-filled jars which were then submerged in reef 
channels. After 1 to 5 hours the animals were released 
and their faeces collected and preserved in neutral forma¬ 
lin. 

MONOTAPU BEACH 

The inner 85 m of a section of reef 60 m long was 
searched at least once a month from April to November 
1976. Searches were conducted at low tide and covered an 
area of 0.5 hectare. The outer edge of the reef was not 
searched because preliminary surveys had shown Hexa¬ 
branchus sanguineus to be absent from this part of the 
reef, where a strong current flowed across the reef from 
the south. 

All Hexabranchus sanguineus egg coils found within the 
area were counted and removed (to ensure that no egg 
coil was counted in a subsequent search). 

Faecal samples were collected from live animals as for 
Hoositea Beach. 

RESULTS 

HABITAT 

Hexabranchus sanguineus were abundant on shallow 
reef platforms on exposed coasts. In one 3-hour period, 
45 animals were found in the 1.25 hectare area searched 
at Hoositea. Hexabranchus sanguineus could only be 
found readily over the low tide period. At other times 
they disappeared from view, probably into cored crevices 
in the reef 

Reef platforms on exposed Tongan coasts are protect¬ 
ed from the prevailing south-easterly swells by raised 
ramparts at their seaward edges. The extent of protection 
afforded to reef platform organisms depends upon the 


state of the tide: during the low tide the water remaining 
on the reef is calm, whereas at high tide waves break 
over the rampart producing turbulent conditions. 

The rampart at Hoositea shelters the reef for about 
half of the 12-hour tidal cycle. The reef is almost hori¬ 
zontal in profile and is covered by about 1.5 m of water 
at high tide. At low tide the reef dries almost completely, 
except for the numerous channels in the reef. These 
channels are up to 2 m deep and run at right angles to 
the beach. 

Monotapu has a similar reef structure to Hoositea, but 
the reef is subject to turbulent wave action for about § 
of the tidal cycle, and does not drain completely at low 
tide. A layer of water 10 cm to 30 cm deep remains at 
low tide. 

The reef platform around most of Tongatapu Island 
is composed of compacted fused coral, and covered by a 
turf of coralline algae. Live coral (mainly Porites and 
Acropora species) is rare and confined to the channels 
which are water-filled at all times. Patches of dead Acro¬ 
pora project up to 30 cm above the level of the reef fiat. 

At low tide, Hexabranchus sanguineus were usually 
found crawling over the substrate, either among dead 
Acropora branches or on the algal turf. The animals ac¬ 
tively avoided live coral, but were frequently seen moving 
among the algae-encrusted bases of live coral. They were 
rarely found in the reef channels, but sometimes occurred 
on the vertical sides of the channels. 

Hexabranchus sanguineus probably shelter in coral 
crevices over high tide and thus reduce the risk of being 
swept from the reef or being damaged by the abrasive 
action of suspended sediment. 

The distribution of Hexabranchus sanguineus across the 
reef was found to be non-random with respect to the size 
of the animal. The distribution by size was analysed dur¬ 
ing one low tide sampling period (1 July 1976), and the 
results are presented in Figure 3. Animals less than 3 cm 
long occurred only on the outer edge of the reef near the 
rampart. Hexabranchus sanguineus between 3 cm and 7 
cm were found throughout the outer half of the reeij 
and large animals (exceeding 7 cm) occurred over the 
whole ree£ but were most common on the inner half. 

WATER TEMPERATURE 

At Hoositea, water covering the outer J of the reef 
platform is continually renewed at all tides by the in¬ 
flux of ocean water through the surge channels in the reef 
rampart. The outer section of the reef platform is there¬ 
fore buffered against large diurnal fluctuations in temp¬ 
erature and salinity. The inner J of the reef is more sub¬ 
ject to temperature changes due to solar heating and 
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Length (cm) 

Figure 3 

Distribution of Hexabranchus sanguineus across Hoositea reef by 
size (11=45). Open circles indicate mean distance of each size 
class from the beach, and vertical lines indicate the observed ranges. 
Size classes with no marked range were represented in the sample 
by only one specimen each 



Number of egg coils of Hexabranchus sanguineus found at Mono- 
tapu (open circles) and sea surface temperature measured at 
Hoositea (closed circles) 


night-time cooling, and salinity changes due to evapora¬ 
tion and freshwater seepage from the beach. 

Temperature and salinity conditions at Monotapu are 
more constant than at Hoositea. The water level over the 
reef does not drop as low at Monotapu, and ocean water 
circulates continuously over most of the reef. 

Sea surface temperatures measured at Hoositea are 
plotted in Figure 4, and indicate the trends during the 
period April to October. Temperatures ranged from 22.5 0 
G to 27.6°C. The highest temperature recorded in the 
shallow water overlying the inner sections of Hoositea 
reef was 294°C; higher temperatures than this would 
be expected from January to March. 

REPRODUCTIVE ACTIVITY 

The egg coils of Hexabranchus sanguineus found in 
Tonga were consistent with the description of Gohar & 
Soliman (1963: 230-231). Freshly-laid coils were bright 
red, fading to a dull red-brown colour as the embryos 
developed. 

The number of egg coils found at Monotapu fluctuated 
randomly from April to November (Figure 4). Egg coils 
were found in varying numbers during the coldest months, 
but apparently disappeared as the water temperature 
started increasing again. The absence of samples from the 
hottest part of the year precludes a full comparison of 
reproductive activity with seawater temperature. 


Hoositea was less preferred as a breeding site than 
Monotapu. Only 2 egg coils were found at Hoositea 
despite the much larger area searched throughout the 
study period. 

SIZE STRUCTURE of the HOOSITEA 

POPULATION 

The size-frequency distributions of the Hoositea Hexa¬ 
branchus sanguineus samples are shown in Table 1. Very 
small individuals were probably present throughout the 
study period, despite their absence from the first 2 
samples. An animal 1.8 cm long was found at 5 Atele Beach 
(Figure 1) on 19 April 1976, and a 1.5 cm animal (the 
smallest found in this study) at Hoositea on 24 April 
1976. Even the 1.5 cm long animal was able to flare its 
notum when disturbed, and was able to swim. Large 
adults were present throughout the study, although none 
larger than 14 cm was found. 

Most of the large samples had unimodal size-frequency 
distributions with modes between 5 cm and 7 cm. Small 
size classes have probably been under-represented because 
of their cryptic coloration. Since animals less than 4 cm 
were present from April to October, it appears that larval 
settlement on the reef occurs throughout this period. Lar¬ 
val settlement was especially heavy some time prior to 
the sample of 29 May 1976, as this sample contained 
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Table x 


Size-frequency distribution of samples of Hexabranchus sanguineus taken at Hoositea Beach. 


Date of 

sample - 

in 1976 1 

14 March 
18 April 

29 May 2 

1 July 1 

30 July 
30 August 

26 September 
22 October 


2 


3 4 


Length 

(nearest cm below) 

5 6 7 8 9 


Number 

__ in 

10 11 12 13 sample 


1 1 

3 1 1 

5 5 5 

3 6 

2 2 4 

2 2 

1 2 


1 

2 

4 

7 

8 
8 
4 
3 


3 
5 
9 
5 
9 
2 

4 


3 2 

1 1 1 

2 4 4 

7 4 1 

6 1 1 

7 6 3 

1 3 2 

7 5 1 


1 

2 

1 


3 

2 


1 2 

3 1 

1 1 

1 

1 

2 1 

1 


10 

2 16 

30 
45 

31 

1 43 

1 23 

1 27 


many small animals. The strong size class could also 
be detected in subsequent samples. 

Few animals longer than 10 cm were found. 

FEEDING 

An examination of faecal material showed that Hexa¬ 
branchus sanguineus feeds on sponges. All of the 13 


Table 2 

Sponge species identified from faeces of Hexabranchus 
sanguineus and their frequency of occurrence. 


Sponge species 

Number of animals in 
which sponge was found 
(n = 6) 

CALCAREA 

Calcareous triradiates 

2 

DEMOSPONGIAE 

Choristida 

Stelletta sp. 

1 

Ancorina acervus (Bowerbank) 

1 

Pachastrella sp. 

1 

Hadromerida 

Cliona sp. 

3 

Haplosclerida 

Haliclona sp. or Adocia sp. 

2 

Callyspongia sp. 

3 

POECILOSCLERIDA 

Xestospongia exigua (Kirkpatrick) 

1 

Petrosia sp. 

5 

Paraesperella sp. 

1 

Mycale sp. or Zygomycale sp. 

4 


faecal samples collected contained a large proportion by 
volume of sponge spicules. The species eaten, based upon 
spicule identification of 6 faecal samples, are shown in 
Table 2. Hexabranchus sanguineus feeds on at least 11 
genera of sponges from 5 orders and 2 classes, and is 
clearly a non-selective browser. 

A wide variety of non-sponge material was also identi¬ 
fied from the faeces. Non-sponge components of the gut 
contents found in this study and by other authors are listed 
in Table 3. This material never formed more than a small 
proportion of the faecal material of Tongan animals. 


Table 3 

Non-sponge material identified from faeces of 
Hexabranchus sanguineus. 


Material 

Source 

Algae 

Aboul-Ela (1959); Gohar k Soliman 
( 1963); present study 

Foraminifera 

Eales (1938); Gohar k Soliman (1963); 
present study 

Hydroids 

Bergh (1900); Eliot (1906) 

Alcyonarians 

Gohar k Soliman (1963) 

Coral fragments 

Gohar k Soliman (1963); present study 

Worm tubes 

Bergh (1900); Eales (1938); present study 

Gastropod shells 

Eales (1938); present study 

Amphipods 

Present study 

Crab chela 

Present study 

Polyzoans 

Eliot (1906) 

Echinoderm shells 

Eales (1938) 

Ascidian spicules 

Thompson (1972) 
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DISCUSSION 

REPRODUCTIVE ACTIVITY 

Red Sea populations of Hexabranchus continued to 
breed throughout the year but activity declined during 
the cold months (Gohar & Soliman, 1963). The num¬ 
ber of egg coils at Monotapu showed no relationship to 
seawater surface temperature during the 8 months of 
observations (Figure 4). Gohar & Soliman (1963: 242) 
believe that spawning in H. sanguineus is induced by in¬ 
creasing temperatures following winter low temperatures. 
The minimum temperatures in the Red Sea (i6°G to 19 0 
G [Gohar & Soliman, loc. cit.'\ ) were considerably lower 
than the lowest temperature measured during the Tongan 
winter (22.5°C), and it is possible that the temperature 
of Tongan waters is suitable for uninterrupted year-round 
breeding. 

The scarcity of egg coils at Hoositea was probably due 
to unfavourable environmental conditions. The tempera¬ 
ture of water trapped in channels at low tide during the 
day increases and the dissolved oxygen concentration 
probably decreases. Gohar & Soliman (1963) observed 
retardation of embryo development in stagnant water. 
Egg coils kept in a non-circulating aquarium in this 
study disintegrated before larvae were ready to hatch. 
The continual renewal of seawater at Monotapu produces 
a more constant environment for larval development than 
exists at Hoositea. 

FEEDING 

Hexabranchus sanguineus is a sponge feeder, consum¬ 
ing a wide variety of species. The sponges taken are main¬ 
ly inconspicuous encrusting species, probably occurring 
in crevices and holes in the reef matrix (P. Bergquist, per¬ 
sonal communication). Most other workers have also 
recorded sponges in the diet of Hexabranchus. Bergh 
(1900: 231) found “fragments of transparent spicules” 
and “masses of simple and three-rayed silica needles” in 
one specimen; these were obviously sponge remains. Eli¬ 
ot (1906) and Gohar & Soliman (1963) noted that 
sponges form at least part of the diet of Hexabranchus, 
and Young (1966) reported the calcareous sponge Leu - 
cetta solida from the gut of a Hawaiian specimen. Kay 
& Young (1969) concluded that 3 Hawaiian varieties of 
Hexabranchus were “rasping sponge feeders.” 

The wide variety of non-sponge material in the gut 
contents of the different varieties of Hexabranchus is 
indicative of an indiscriminate mode of feeding. The ani¬ 


mals ingest much extraneous material while feeding on 
the encrusting sponges in the crevices where other or¬ 
ganisms, animal skeletons and detritus also collect. 

The contention that Hexabranchus is entirely herbi¬ 
vorous (Aboul-Ela, 1959) is not supported. It is likely 
that algae are ingested accidentally during feeding, and 
they appear to pass through the gut undigested. 

Bloom (1976) has demonstrated a correlation between 
the radula and digestive morphology of dorid nudi- 
branchs, and the type of sponge preferred as prey. Bloom’s 
major thesis is that the presence of a gut caecum (a 
spicule-compacting organ) enables nudibranchs to handle 
large quantities of large sharp spicules, and they are 
therefore adapted to feeding on sponges with unorganised 
or non-reticulated skeletons. Conversely, nudibranchs 
lacking a gut caecum, but possessing a robust radula, are 
able to feed on, and digest, sponges with organised, re¬ 
ticulated skeletons. The only sponge prey of Hexabran¬ 
chus marginatus mentioned by Bloom (1976: table 3) is 
Leucetta solida, originally reported by Young (1966). 
Thus, using limited data, Bloom finds that Hexabranchus, 
which possesses a caecum and radula teeth with a low 
degree of hook (Bloom’s measure of tooth robustness) 
feeds on non-reticulated sponges; this supports his con¬ 
tention that a correlation exists between nudibranch 
morphology and sponge prey. However, the present study 
has shown that H. sanguineus consumes a wide variety of 
sponge types, ranging from unorganised non-reticulated 
sponges (calcareous species) to highly organised reticu¬ 
lated speces ( e . g., Mycale sp., Petrosia sp., Callyspongia 
sp.) (see Bloom, 1976: table 1, for a description of 
skeletal structure in each of these groups). The presence 
of a gut caecum may indeed allow Hexabranchus to feed 
on non-reticulated sponges, but the absence of robust 
radula teeth does not prevent it from also eating reticu¬ 
lated sponges. Generalist sponge feeders are exceptions to 
Bloom’s correlations, and other species may also prove to 
be generalists on closer study. 
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